In the last few years a tremendous amount of study has been directed toward the etiology and pathogenesis of respiratory disease. Quantitative studies of respiratory infection by t.he cloud chamber method require that the respiratory volume of test. animals be known in order to calcu late the dose of agent used. Because data in the literature on respiratory volume of laboratory animals are very scanty, a comprehensive study of this subject was undertaken.
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LMETHODS.
The various methods used for the determination of respiratory volume may be classed under five different headings: 1, respirograph method (5, 7) ; 2, valve method (2) ; 3, air flow methods (1, 8) ; 4, indirect calculation from 02 consunlpbion (4, 9) ; and 5, an acoustic respirograph method (6) . Two valve methods and one modified respirograph method have been used in the investigations described in this paper.
A. Valve methods. The valves used were of delicate construction utilizing very minute thin rubber discs, which were hinged loosely over the tips of polished glass inlet and outlet These valves were tubes.
then connected directly bY means of a glass seal either to a tight-fitting headpiece or to a tracheal cannula.
Collect.ion of air from the outlet valve was accompl ished by the two methods shown in figures 1 and 2. When the collection apparatus shown in figure 1 is employed, the expired air enters via the rubber tube attached to the top of th.? mercury-filled collecting chamber, which may be connected to the water 01 mercuqy man the stopcock .ometer on eith er side of the co1 letting column. By manipulating at the bottom of the collecting column, mercury is allowed to fall at a rate which will exactly equalize that of the expired air and maintain pressure within the chamber at exactly zero. By measuring the fall of the mercury column for one minute while the pressure within the chamber is maint.ained at atmospheric pressure, the respiratory volume per minute may be measured directly.
In using this method, the only obstruction to the flow of air is a verv c slight back pressure from the valves.
The second apparatus for collecting the expired air is shown diagrammatically in figure 2. It is so constructed that no water can flow from the upper siphon jar into the lower jar until an equal volume of air is introduced into the air space above the wat,er in the upper jar. Special precautions have been taken in the design of this apparatus so that the pressure against which the animal must breathe is alwa.ys constant and very small. By raising and lowering the inlet tube to the upper jar, the pressure for flow of water from the upper bottle to the lower bottle may be adjusted from less than zero to considerably greater than zero. If the critical pressure is less than zero, water will flow of its own accord without an expiratory effort on the part of the animal. If, however, the glass tube is moved downward, the critical pressure becomes positive and wa,ter flows from the upper bottle to the lower one only when the animal is expiring air. r1g. 1. For practical purposes, during use of this method, the tube is set so that the animal breathes against approximately 3 cm. of water pressure, this value being negligible as an obstruction to respiration. The respiratory volume is then rea.d directly from the calibration of the lower bottle. Th? extra tubes shown in the diagram are necessary to prevent airblocks within the apparatus.
Measurements using the head valve method were made only on mice because of the difficulty of eliminating dead space within the mask when larger animals ARTHUR C. GUYTON were used. With mice, practically all of this dead space was eliminated by placing large quantities of Vaseline between thz mouse's face and the form fitting mask.
In thz use of the tracheal valve method, the cannula was devised so that, the dead space was essentially equal to that of the normal animal.
In using this method, the animal was anesthetized with ether, the trachea cannulated, and anesthesia stopped.
During the somnolent phase, the animal breathes regularly without struggling and measurements with the tracheal valve were made at thi's point in the recovery from anesthesia.
All measurements were of necessity made with thz animal on its back with some restraint necessary to hold it in place.
13. The oscilEosce>pic respirograph method.
The respirograph method used in this study for the determination of respiratory volume involves a$n entirely new principle, and approaches normal physiological conditions more nearly than any method which has been found in the literature.
In most methods of determining respiratory volume animals must breathe against valves or there is inertia in moving partIs of the apparatus. Nearly all methods utilize masks with considtrable dead space, and several require pure oxygen. The respirograph described here, therefore, has been so devised that the animal breathes normal air at all times, the dead space within the mask causes no errors because of constant renewal of air, and th.: animal breathes against a resistance many times less t,han that, caused by the usual valve.
The respirograph apparatus is illustrated in figure 3 . Water flows directly from the upper to the lower bottle. Then, from the lower bottle air flows past the head of the mouse into the upper bottle, thereby completing a closed circuit. The rate of air flow is :. djusted so that the volume of air is at least five times as great as that required for normal respiration of the animal. A third t,ube leads from the headpiece to an airtight bellows on the top of which is an electrical condenser made of alternate layers of insulating paper and tinfoil. As the animal breathes in and out> pressure within the bottles and the bellows alternately increases and decreases by a minute amount. The plates of the condenser likewise ahernately become closer and farther apart. By use of a special electrical apparatus, shown in figure 4 , variation of the electrical capacity of the condenser causes a wave to rise and fall on the screen of a cathode-ray oscillograph as shown in figure 3 . The syringe connected to the bellows is used to calibrate the apparatus with each determination of respiratory volume. All readings may be made directly from the screen of the oscilloscope or the respiratory pattern of the animal's breathing may be accurately recorded with a continuous camera as shown in figure 5 . Sensitivity of the apparatus is such that 1/1,000,000 of an atmosphere pressure change can be detected, and 1/100,000 of an atmosphere pressure change can be measured accurately. Errors in these measurements may occur, however, when the connecting tubes are too small, thereby causing a lag in the establishment of pressure equilibria throughout the system. The use of large tubes and frequent testing of the equipment minimize this error.
The electrical apparatus shown in figure 4 operates as follows: The 6J5 tube is simply an audio oscillator operating at approximately 6000 cycles. The output of this feeds into a capacity-resistor bridge circuit which normally is balanced at its midpoint to near extinction of the oscillator signal. The signal from the midpoint of the bridge is fed into a two stage amplifier utilizing two 6SJ7 tubes. The output of the second stage of amplification is coupled directly to the input of an ordinary commercial oscilloscope, but part of this output signal is abolished by the short-circuiting action of a 6H6 tube which is used in a limiter circuit. This limiter circuit removes a great portion of the background signal and leaves essentially the signal which is modulated. Obviously the voltage of the signal recorded on the oscilloscope depends on how nearly balanced the bridge circuit happens to be. The varying pressure condenser forms a part of this bridge circuit at point X. Therefore, when the condenser pla,tes ar5 RESPIROGRAPH OSClLLOSCOPC METHOD OF DETERMINING TIDAL AIR pressed closer together or are spread farther apart, the bridge circuit is more or less nearly balanced, and likewise the quantity of signal which Fig. 3 . Diagram of the oscilloscopic respirograph. OsclLL06CoPE either passes through the amplifier varies with the capacity of the pressure condenser. The horizontal sweep of the oscilloscope is synchronized with the oscillator signal to give a rising and falling wave as shown in figure 3 . To give a rising and falling line for camera recording, the horizontal sweep is adjusted to zero.
Animals tested by the above modified respirograph method were under as nearly normal physiological conditions as possible except for the matter of fear. This was overcome by allowing the animal to remain in the headpiece for a long period of time before actual measurements were made. As a matter of practics, after several minutes in the headpiece, the animal remained quietly in place and breathed very evenly, as shown in the respirogram of figure 5. The volume of the bottles used in the experiments was adjusted for different animals so that enough air was present to last usually for 10 minutes, and so that the operating Fig. 4 . Electrical diagram of capacity recorder used in the oscilloscopic respirograph. pressure within the system varied from atmospheric pressure approximately l/5000 of an atmosphere with each respiratory cycle. Before making measurements, the apparatus was tested for leaks, and these were eliminated by the use of pctrolatum at all joints, including the gap between the head of the animal and the edge of the headpiece. Data obtained in this laboratory are presented in table 1 . In general it is felt that the more accurate values have been obtained by the oscilloscopic respirograph method, and the valve methods may be considered as one means of checking the results. In rabbits, however, pant'ing made it impossible to obtain consistent results by any method as long as the animal was awake. For this reason, only values obtained by the tracheal valve met!hod are reported.
DIscussIoN.
The table and values are self explanat,ory, and there is litt,le necessity to analyze the datla. An attempt has been made, however, to find a formula which will correlate respiratory volume and weight of the animal (for any species). In t'able 2, therefore, is shown the ratio of the respirat,orfr volume to various mathematical functions of the weight. The respiraforv volume divided by the animal's weight (column 5) shows a general decline in value as the animal becomes larger. If, on the other hand, one assumes tlhat the respiratorv volume follows the body surface of the animal, then the respiratory volum.. divided by the 3 power of the weight should be approximately constlantl.
. This is based on the fact that the surface area of symmetrical bodies is proportional to the $ power of their weight. Such a calculation with t,he measured results does not give a constant but instead a slightly rising figure (column 6). This indicates that the respiratory volume is not solely a function of bodv surface but rather that the mass of the body has some effect on tihe total respirntorv volume. If, therefore, one chooses a function of the weight somewhere between the $ power and the first power a function should be found which gives a more constant factor. In column 7 the respiratory volume has been divided bv the weight to the 9 power. It will be noted that from the smallest to the lirgest animal, the values rema!in considerably more constant. From the average of these values the following formula has been derived:
Resp. Vol. per Min. in cc. = 2.10 X (Wt. in Grams) 3/4
Using this formula, the average respiratory volumes of the animals which have been tested were calculated and are shown in column 4 of table 2 for comparison with measured values (column 3). Obviously, other functions of the weight such as 0.73, 0.74, or 0.76 power of the weight probably would give even better correlation between weight and respiratory volume. The data, however, even though derived from the study of 428 animals, are insufficient to establish any one of these values as the absolutely correct one. Therefore, the 2 power of the weight has been chosen for the sake of simplicity.
This has been found to give a relatively satisfactory correlation betlween weight and respiratory volume.
It is interesting that Kleiber (3) found oxygen consumption in animals, from the rat to the steer, to vary also with the 2 power of the weight.
It has been of interest? to note tlhe reactions of animals immediately after being placed in the respirometer.
There have been many stat,ements to the effect that animals under conditions of fear and noxious stimuli will hold their breath. In one experiment while anesthetizing a monkey with eth.er, records taken < during the actual anest>het,ization showed that breathing becamt irregular in associat,ion w&h struggling, but there was no interruption of breathing. Occasionally animals appeared to hold their breath when they were first put into the respirometer, but actual records invariably showed that there were rapid though shallow movementIs of air into and out of the lungs. -I. A formula has been derived for the determination of respiratory volume of an animal provided the weight is known.
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